ABSTRACT: Qualitative analysis of liposoluble wheat extract from conventional, integrated, organic, biodynamic and control farming systems was performed by gas chromatography with mass spectrometry (GC-MS). Organic and biodynamic farming systems were close to each other versus conventional and integrated which are similar in fertilization and plant protection. In the control treatment no fertilization or plant protection was used. Cluster analysis (CA) was applied to classify the samples according to lipid profiles in wheat from different farming systems. The obtained results showed that better discrimination of wheat samples was achieved by analyzing the peak area after 18 min retention time (non-saponifiable lipid fraction), than used the peak area for the whole chromatogram. The study has found that this method can be a potentially used for making a distinction between organic and non-organic wheat production.
INTRODUCTION
Over the past decade, influence of farming systems on food quality has increased interest steadily, especially in terms of the nutritive values and beneficial health effects of food (Bavec et al., 2010) . Despite rapid growth of organic food industry in recent time, research comparing the functionality of organic and conventional ingredients is deficient (Ie et al, 2012) . Comparisons of food from organic and conventional systems are often complicated because there is a great variety of environmental and production factors influencing the composition of food (Reganold, 2010 ). The differences between organic and non-organic production are mainly identified in pesticide use (and residues), type of fertilization, range of food additives, genetic manipulation and selection of technologies (Kahl et al., 2014) . The nutritional value of wheat is especially important because it takes a significant place among the few crop species being extensively grown as food sources (Šram-ková et al., 2009, Živančev et al., 2009 ). Cereal lipids, such as essential fatty acids, fat-soluble vitamins, phytosterols with cholesterol-lowering effects have a significant technological and nutritive functional pro-perties (Ruibal-Mendieta, 2001 ). Lipids, whose content is low in common bread wheat (0.15 -0.25 g/kg), have a significant effect on the quality and the texture of food because of their ability to associate with proteins due to their amphipatic nature and with starch as well, forming inclusion complexes (Šramková et al., 2009 ).
The studies of Zörb et al. (2006 Zörb et al. ( , 2009 showed that differences in concentrations of metabolites (such as sugars, sugar alcohols, amino acids, or organic acids) are pronounced in developing wheat ears of organic and conventional agriculture, but they did not detect extreme differences in metabolite composition and the quality of wheat grains. Vujić et al. (2012) analyzed and compared peak area of lipid compounds of different small grains obtained by GC-MS chromatography using multivariate analyses. Bodroža-Solarov et al. (2014) proposed the same method for extraction of lipids from bread wheat and spelt aiming to differentiate between these cereals. They used modified GC-MS method for liposoluble extract derivatization, focusing on two peak areas: one registered between 12 and 16 min retention time (which separates fatty acids) and the other registered after 16 min (which separates mostly non-saponifable lipids). They found that non-saponifiable lipid fraction is suitable to distinguish between the two different subspecies of wheat.
The development and application of modern analytical techniques allow the authenticity of organic products to be established on the basis of the chemical component profiles. The aim of the study presented in this paper was to determine the possibility of differentiation of types of farming systems by creating dendrograms of liposoluble wheat extracts.
MATERIAL AND METHODS

Material
Winter wheat (Triticum aestivum L.) cv. 'Antonius' was grown in 2013 in a longterm field trial at the University Agricultural Centre of University of Maribor in Pivola near Hoče (46°28′N, 15°38′E, 282 m a.s.l.), Slovenia. The annual mean air temperature of the area is 10.7 °C, and average annual rainfall in the area is around 1000 mm.
Experimental Plot
Trial was established on a dystric cambisol (deep) (average pH value 5.5 in 0.1 KCl solution, soil soluble P of 0.278 g/kg and soil soluble K of 0.255 g/kg in top soil layer). Twenty plots (2.4×7 m) were randomly assigned to five production systems in four replications per system until the year 2007, when the trial has started. The farming systems mostly differed in plant protection and fertilization strategies: conventional farming according to the Slovenian agriculture act and good agricultural practice, integrated farming according to the Slovenian standards for integrated farming, organic farming according to the European Commission Regulation on Organic Farming, and biodynamic farming according to Demeter International Production Standards and European Commission Regulation on Organic Farming. In the control treatment no fertilization or plant protection was used (Bavec et al. 2010 ). Differences in fertilization and plant protection are presented in detail in Table  1 . Wheat was harvested in the middle of July on individual plots and was mixed into two samples. The first sample was a mixture of replications one and two, and the second sample of replications three and four.
Sample preparation
Ten samples (two from five different farming systems) were milled on a Knifettec 1095 mill into wholegrain flour. After homogenization, about 10 g of flour from each cultivar was weighed and treated in the following manner. A 12 mL cuvette for centrifugation was used for pouring 2 g of flour with a precision of 0.01 g. The cuvette was additionally filled with 10 mL of n-hexane and stirred on a vortex for 2 min, after which the mixture was centrifuged for 5 min, at the speed of 2000 rotations per minute. After this, 3 mL of clear supernatant was poured into a 10 mL glass beaker and left to steam up at ambient temperature. From the oily residue an amount of 10 µL was taken, reconstituted to 500 µL with acetone and additionally 100 µL of transesterification reagent added: TMSH (trimethylsulfonium hy- 
GC-MS analysis
All the testing was conducted on a gaschromatography system. GC-MS analyses were performed using Agilent 5975C
Series GC-MSD system (7890A GC and 5975C inert MSD) operating in the EI mode at 70 eV, equipped with a HP-5MS capillary column (30 m × 0.25 mm; film thickness 0.50 μm). The temperature program was: 50-130 °C at 30 °C/min and 130-300 °C at 10 °C/min. The injector temperature was 250 °C. The flow rate of the carrier gas (helium) was 0.8 mL/min. A split ratio of 1:50 was used for the injection of 1 μl of the solutions (Vujić et al., 2012) . Liposoluble components of winter wheat were identified using NIST 05 Library.
Statistical analysis
Descriptive analyses of the data, were performed using the software package STATISTICA 10.0 (StatSoft Inc., Tulsa, OK, USA). All determinations were made in triplicate and all were averaged. Cluster analysis is used to classify objects into groups. To be able to cluster objects, one must measure their similarities. The dissimilarity between two objects is a distance measure. The distance between each pair of clusters is determined, and the two clusters with the smallest distance (largest similarity) are merged. Definitions of distance measures and clustering algorithms can be found in standard chemometric material (Otto, 1999) . We used complete linkage and city block (Manhattan) distance. City block distances are measured as the average difference across dimensions of the tested wheat from different production systems. All samples were grouped in a five-dimensional space and two dendograms were formed for different peak areas: an area between 8 and 27 min and after 18 min retention time.
RESULTS AND DISCUSSION
The same variety of winter wheat from five different production systems (control, conventional, integrated, organic and biodynamic) was examined in this study. The great similarity in the composition of liposoluble components was identified in all types of analyzed samples ( Figure 1 ). Table 2 . lists the liposoluble wheat components which were identified from the chromatogram.
In the study of Vujić et al. (2012) , the following liposoluble components of small grains were identified: 2,4-decadienal (isomer), n-tricosane, n-pentacosane, n-hexacosane, n-octacosane, stygmasterol, 22,23-didehydro, 24-metyl-25-homo-cholesterol, beta-tocopherol, all of which differed as compared to the compounds determined in this work. The differences in the composition of liposoluble components found in these studies are due to the fact that different materials were investigated in each of them: Vujić et al. (2012) investigated three types of small grains: wheat, triticale and barley whereas this study was based on the same variety of winter wheat originnating from five different production systems. In addition, slightly modified method was applied here. The nature of method modification was that Vujić et al. (2012) used DP-5MS column and methanol to reconstitue the oily residue, while we used HP-5MS capillary column and acetone as solvent. The polarity of the sample has to correspond with the polarity of the stationary phase of the column to increase the resolution and separation. On the other hand, this investigation compared the results in different databases. Here was used NIST 05 Library, while Vujić et al. used Wiley Online Library search. A dendrogram of wheat samples from different farming systems using complete linkage as an amalgamation rule and the city block (Manhattan) distance as a measure of the proximity between samples is shown in Figure 2 . The dendrogram based on GC-MS data registered for the peak area which includes components of the whole chromatogram. The linkage distance (shown on the abscissa axis) between the two main clusters was evident (about 16). As it can be seen the samples are grouped into two branches. The samples from control farming system are separated from the others because no fertilization or plant protection was used. Conventional, integrated, organic and biodynamic farming systems are presented within separate branches with two groups. Gene-rally, it is hard to compare more than two different production systems (i.e., four), because some of them are close proximity to each other. Organic farming uses fertilizers and pesticides which are considered natural but it excludes or strictly limits the use of synthetic fertilizers and pesticides, growth regulators, hormones and antibiotics. It is opposite to conventional farming which uses fertilizers and pesticides to achieve higher yield, out of season growth and greater resistance.
Integrated farming system is such that the biological, technical and chemical methods are tuned to take into account the protection of the environment, profitability and social requirements. It is more sustainable agricultural systems compared to the conventional farming. Byodinamic farming system is regarded as a part of the organic system production (Bavec et al. 2010) . It emphasizes the use of manures and composts and excludes the use of artificial chemicals on soil and plants. 
Control
The profile of liposoluble wheat extracts was similar for samples from the conventional and integrated systems, as well as from organic and biodynamic farming systems ( Figure 2 ).
As shown in Table 1 , there is similarity in fertilization and plantprotection between the conventional and integrated systems, while organic and biodynamic farming systems are close to each other.
Bodroža Solarov et al. (2014) and Rozenberg et al. (2003) noticed that better discrimination between common wheat and spelt could be achieved comparing the samples based on non-saponifiable lipids. Our study confirmed that larger differences could be observed between different farming systems when comparing components eluted after 18 min retention time (non-saponifiable lipids) ( Figure 3 ). The linkage distance (shown on the abscissa axis) between the tested samples was evident (nearly 6). The city block Manhattan distances between points for the peak area between 8 and 27 min are greater, as shown on dendrograms, but these distances seem to be more distinctive in the peak area after 18 min.
Better segmentation of results was achieved for the peak area registered after 18 min retention time, which indicates that GC-MS analysis of non-saponifiable lipids provides the ability for proper distinction between the samples from different farming systems.
CONCLUSION
Consumers' interest in organic products is increasing and it requires robust analytical tools for their authentication. An implication of this study is the possibility of comparing types of farming systems against the lipid content applying GC-MS chromatography and multivariate statistical techniques. This is a potentially useful tool to distinguish between products coming from different production systems.
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